カイコノクチクラタンパクシツイデンシノハツゲンヨウシキトテンシャインシニヨルセイギョ by Shahin, Rima Rabiea Mohamed
 学 位 論 文 要 旨 
 
Expression profiles of cuticular protein genes and their regulation system by transcriptional 
factors in Bombyx mori 
カイコのクチクラタンパク質遺伝子の発現様式と転写因子による制御 
 
Biological Production Science  Bioregulation Science 
Rima Rabiea Mohamed Shahin 
 
 
 
 
 
 
 
 
In insect metamorphosis, a subset of larval tissues is destroyed and imaginal discs undergo 
morphogenesis to form adult cuticular structures during prepupal stage, and this action is coordinated 
with a huge pulse of the steroid hormone ecdysone. 
Based on whole genome sequence studies in previous work, over 200 cuticular protein (CP) 
genes in the Bombyx genome were identified, and 52 CP genes were found in wing disc ESTs. I aimed 
to determine the regulation mechanisms of the successively transcribed fifty-two CP genes by their 
related ecdysone-responsive transcription factors (ERTFs) genes throughout metamorphic stages. Fifty 
CP genes displayed different temporal expression patterns and were classified into five groups during 
prepupal-pupal (PP-P) stages, depending on their expression peaks.  RR2 genes expression times were 
limited until the day of pupation, while RR1 genes showed broad peak before and after pupation, 
longer and stable than RR2 genes, thus RR2 genes correspond with exocuticular layer and RR1 genes 
are involved in both exo- and endo-cuticular layers. Other CP families, such as CPT, CPG, CPH and 
CPFL genes were detected before and after pupation, suggesting contribution in both cuticular layers. 
Number of CP genes notably decreased particularly in CPRs, and six peaks of CP genes expression 
patterns were detected in pupal-adult (P-A) stages. Cuticle changes in composition and architecture 
depending on developing stages, and histological observation is consistent with this result; the pupal 
cuticle is thick and elastic than imago wing that is stiff, thin and covered with scales. Expression 
profiles of CP genes during PP-P, P-A stages coincident with cuticular structure. 
Ecdysone pulse treatment was conducted in order to compare the expression profiles of CP and 
ERTF genes in vivo and in vitro. Thus, taken together with the expression profiles and data derived 
from previous studies, I postulated four candidate ERTFs that regulate different targets of CP genes 
during PP-P and P-A stages. Reporter assay system was operated for two CP genes to confirm and 
extend this result. CPG12 mRNA can be detected in the middle wandering stage, while CPH2 was 
expressed late at pupation, suggesting their transcriptional activities are regulated by different 
transcription factors.    Molecular analysis of CPG12 and CPH2 have determined three ERTFs, BHR4, 
βFTZ-F1 and E74A, that directly induced CP genes by ecdysone in a stage-dependent manner. 
Deletion studies of CPG12 construct showed the loss of the activity in the promoter region. As 
opposed, increase the promoter activity of CPH2 Therefore, this result emphasizes that CPH2-2043 
promoter carries negative regulatory element (s) and CPH2-372 promoter is important for CPH2 full 
induction. Furthermore, the systematic structure of pupal and adult cuticles was predicted, by 
comparing the order of expression of CP genes and their amino acid coding sequences as follows: the 
epicuticle and an outer layer of exocuticle containing high percentages of His&Lys together with 
proline and valine suggested bringing out sclerotized and very hydrophobic region. An inner layer of 
exocuticle is characterized by low percentages of His&Lys and high percentages of alanine that are 
enable the protein folding. CPs containing high percentages of alanine are in the endocuticle layer. In 
addition, I compared the expression profiles of ERTFs and CP genes in PP-P stages which resembled 
that at P-A stages, a variety of evidence has suggested that: the epicuticle layer is induced by BHR3, 
and CPH33 and CPG11 are involved in constructing this layer. The outer exocuticle is induced by 
BHR4, and CPG12, CPR107 and CPR109 are suggested in the construction of this layer. βFTZ-F1 are 
regulated the inner exocuticle layer, and CPR67 and CPR71 are in this layer. Finally, the endocuticle 
layer is induced by E74A and CPH2 and CPH31 are involved in this layer.  
I offered here the control of CP gene expression and the resulting insect cuticular layers by 
comparing the expression pattern of CP genes and related ERTFs genes, the coding amino acid 
sequences of CP genes, and histological observation.  
